Experimental resu!ts reported in the literature suggest that tumour cells are under oxidative stress, both as a consequence of their altered biochemistry and of the tumour environment. Unfortunately, tumour cells are able to resist this oxidative stress. The cause for their exceptional resistance may be a low content of unsaturated fatty acids or a high level of antioxidants in the cell membrane or the over-expression of the bcl-2 gene [1,2]. We hypothesise that tumour oxidative stress can be amplified by compounds that upon oxidation are converted via a free radical mechanism to species that are more damaging than the initial oxidant, either because they are more reactive or because they can migrate to react at critical sites in the cell.
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To test this hypothesis under carefully controlled conditions, we have developed a chemical model in which a peroxidase (from horseradish, donor: H202 oxidoreductase, EC 1.1 1.1.7) is used as the oxidant and phosphatidylcholine liposomes as the target. The liposomes are labelled with cisparinaric acid, a fluorescent lipid which loses its fluorescence on oxidation and can therefore, be used as a probe for lipid peroxidation [3] . Additionally, thiobarbituric acid reactive substances were detected by the classical procedure.
It was found that peroxidase alone caused little damage to the liposomes. However, the compound indole-3-acetic acid (IAA) strongly accelerated the decay of the fluorescence of cisparinaric acid and the formation of thiobarbituric acid reactive substances (Figure 1 ). Horseradish peroxidase can oxidize IAA and the free radical reactions following oxidation of this compound have been studied in detail in our laboratory by pulse radiolysis with spectrophotometric detection [4] . In this technique, known concentrations of radicals are formed in times under a microsecond and their reactions monitored by time-resolved spectroscopy. It was found that the IAA radical cation deprotonates @KO = 5.1) to yield the indolyl radical:
(1)
It also undergoes rapid loss of CO, (k = 1.8 x lo4 s-') to form a carbon-centred radical, the skatole radical:
The indolyl radical does not eliminate CO, so that the result is a pH dependent rate of decarboxylation. At pH 7.4, the radical cation present in the equilibrium is enough to generate the skatole radical at a rate of ca. 80 s-I.
Oxygen does not react either with the IAA radical cation or its conjugate base, the indolyl radical (k < lo3 dm3mol-'s-'). The skatole radical, however, reacts rapidly with 0, (k 2 2 x lo8 dm3mol-'s-'). The product of this reaction is a perowl radical.
The damaging potential of radicals of this type is well documented. They can react with polyunsaturated fatty acids by hydrogen abstraction initiating the chain of lipid peroxidation. This reaction can account for the IAA-enhanced lipid peroxidation in the liposome model:
The IAA-derived peroxyl radical can also decay by self reaction and we showed that the respective aldehyde and alcohol are formed in this reaction. Electronically excited species are also formed, including singlet oxygen [ S ] , which may be responsible for the lipid peroxidation observed in the peroxidase / liposomes system.
The lipophilic antioxidants a-tocopherol and p-carotene, when incorporated in the liposomes, inhibited lipid peroxidation induced by peroxidase and IAA, a-tocopherol being more efficient than P-carotene on a molar concentration basis. Ascorbate and trolox (a water-soluble analogue of a-tocopherol) in the aqueous phase efficiently prevented lipid peroxidation but glutathione had only a slight effect. The reaction of these antioxidants with the indolyl radical was investigated by pulse radiolysis. It was found that ascorbate and trolox react with the indolyl radical with the rate constants (7.3 f 0.1) x lo7 dm3mol-'s-' and (2.7 f 0.3) x lo7 dm3m01-1s-1, respectively. However, no reaction between glutathione and the indolyl radical was observed (k < 3 x los dm3mol-'s-'). The reactivity of the indolyl radical with these three water soluble antioxidants is in parallel to their protective effect in the liposome system, suggesting that they act by scavenging the indolyl radical.
The enhancement of peroxidases is a widely observed phenomenon: for example, phenols increase the peroxidasedependent luminol luminescence [6] and aromatic compounds accelerate the degradation of lignin by lignin peroxidase 171. The amplification of peroxidase-induced lipid peroxidation by indole-3-acetic acid demonstrated here is a new type of enhancement. We speculate that a similar free radical mechanism can be exploited to enhance the action of neutrophil and macrophage peroxidases and achieve destruction of tumour cells.
